Background. Around 13% of patients undergoing parathyroidectomy for primary hyperparathyroidism (PHPT) postoperatively develop a condition known as the hungry bone syndrome (HBS). Although the condition is quite prevalent, the research in this field is very limited. The aim of our study was to determine possible risk factors of developing HBS after parathyroidectomy for PHPT.
INTRODUCTION
Primary hyperparathyroidism (PHPT) is a condition when one or more of the parathyroid glands are over-active. Most of the time clinical symptoms are scarce; however, it can result in renal stone formation, bone demineralization, fatigue, and other conditions (1, 2) . Laboratory tests show elevated values of parathyroid hormone (PTH) and calcium. Several surgical approaches ranging from traditional parathyroidectomy to video-assisted parathyroidectomy can be used to remove over-active glands. According to several large case series, around 13% of patients undergoing parathyroidectomy for PHPT develop a condition known as the hungry bone syndrome postoperatively (3) (4) (5) . Hungry bone syndrome (HBS) is described as a prolonged hypocalcaemia after parathyroidectomy for hyperparathyroidism, followed by normal or elevated PTH levels. Pathogenesis of hypocalcaemia is explained by disturbed equilibrium between bone formation and resorption as a result of diminished PTH after removal of an over-active parathyroid gland (6) (7) (8) . Although the condition is quite prevalent, research in this field is very limited: only few studies, all dating back to the 1980s, searched for the risk factors of this condition (3, 4, 9) . The aim of our study was to determine possible risk factors for developing HBS after parathyroidectomy for primary hyperparathyroidism.
MATERIALS AND METHODS

Study population and outcomes
In this study we enrolled patients who underwent parathyroidectomy for PHPT at Vilnius University Hospital Santaros Klinikos during the 11-year period from January 2005 to December 2016 and performed a retrospective analysis. The final study cohort consisted of patients followed-up at the same hospital for at least 30 days and without any other PTH or calcium concentration anomalies other than those that define HBS (hypocalcaemia with normal or elevated PTH values). Basic demographic information such as sex and age was obtained. Preoperative symptoms and relevant conditions such as fatigue, osteoporosis, kidney stones, heart rate abnormalities, and neurasthenic symptoms were accounted for. Moreover, preoperative PTH and ionized calcium (iCa) values were collected. Furthermore, perioperative and postoperative data were gathered. Perioperative data included the length of surgery, type of operation, number of the parathyroid glands removed, and the change in the PTH value during the operation. Information about the removed parathyroid gland such as weight, volume, and final histology was carefully examined. The gland volume was calculated using the formula for an ellipsoid (V = 4/3 × πabc). If several parathyroid glands were operated on, only the heaviest gland was included into the analysis. Postoperative metabolic response was evaluated by testing PTH and iCa values. Laboratory values from 1.2 to 7.3 pmol/l for PTH and from 1.05 to 1.30 mmol/l for iCa were considered normal.
Statistical analysis
Patients were divided into two groups by the postoperative prevalence of HBS: patients with postoperative HBS and without postoperative HBS. Previously mentioned factors were analyzed between groups. The Mann-Whitney U test was used for continuous variables and the Fisher test for dichotomous variables. A ROC analysis was performed in order to determine the PTH cutoff value for 90% risk of developing HBS. Factors were statistically significant when the p value was less than 0.05. Statistical analysis was performed using IBM SPSS® version 21.
Results
Of the 318 patients who underwent parathyroidectomy during our investigated time period, only 94 patients (29.6%) were included into the final analysis ( Fig. 1) . We did not have pre-or postoperative PTH or iCA data on almost half of the 318 patients. Of the 182 patients who had the necessary laboratory results, six (3.3%) had PHPT recurrence. Table 1 contains the demographic and clinical data about the whole study cohort. In this table we also report the final histological results of the removed parathyroid gland. Twenty-seven patients (28.7%) had postoperative HBS and the overall HBS frequency between patients with available PTH and iCa values was 14.8%.
In Table 2 we report possible postoperative HBS risk factors. Here we can see that younger patients tended to develop HBS more often (4) . Their study found that patients of older age had a greater risk in developing postoperative HBS. We did not find any literature nor could suggest a theory that would explain why younger patients developed HBS more often. Furthermore, the operating time had been significantly longer for patients who later developed HBS. This finding has not been described in any other article yet. In our opinion, it could be partially explained by the fact that patients with postoperative HBS underwent parathyroidectomies simultaneously with a thyroid surgery more often and these types of surgeries tend to be longer by their nature. During these simultaneous operations, the risk of traumatisation of other parathyroid gland is greater; it can lead to a partially decreased functional activity and the development of postoperative hypocalcaemia. In our study, we determined a statistically significant relation between heavier removed parathyroid glands and HBS, and these results coincided with the findings by Zamboni et al. (3) and Brasier et al. (4) . Our most significant and clinically relevant finding is the difference of preoperative PTH between groups. This is important because a preoperative PTH value can help us predict the HBS development. We plotted a ROC curve and determined from the additional data that 90% of patients with a preoperative value of 45 pmol/l or more developed HBS during the postoperative period. Our study lacks data about other laboratory markers that represent bone metabolism, such as alkaline phosphatase and vitamin D. Several studies report that depleted vitamin D could be a risk factor for the HBS development (4, 10) , other studies show that patients who later develop HBS have greater alkaline phosphatase levels (4, 11) .
Currently there is no evidence for possible preoperative prevention options, although we could determine patients with a high risk of developing HBS preoperatively. As mentioned above, a preoperative deficiency of vitamin D has been established as a risk factor for HBS, however, the use of vitamin D supplements prior to surgery is still a topic of debate. Some guidelines advise the use of vitamin D supplements before the operation (12) (13) (14) . Recently, several studies analysed the impact of vitamin D correction prior to 
DISCUSSION
Postoperative HBS is one of the most common conditions following parathyroidectomy for PHPT. The prevalence of HBS in our study (14.8%) was very similar to the 13% reported in older high-volume studies (3) (4) (5) . This contradicts the findings in the literature review by Witteveen et al., which claims that the prevalence has decreased during the last two decades (9) . In our study, we found a correlation between younger parathyroidectomy, found that it had an insignificant impact on the outcomes, and suggested that correction of vitamin D deficiency should not delay the operation (15, 16) . Moreover, theoretically the use of bisphosphonates could reduce the rate of HBS, because they inhibit osteoclasts and reduce bone demineralization. Several studies managed to use bisphosphonates preoperatively with success (1, 17, 18) , but a lack of high quality randomized, controlled studies that would also support the use of bisphosphonates preoperatively remains the main drawback. The use of a calcimimetic agent cinacalcet has also been proposed. Although it is very efficient in treating patients with PHPT who cannot undergo a parathyroidectomy, no studies have been conducted with PHPT patients and the preoperative use of cinacalcet (19, 20) . Wirowski et al. reports a study with patients who had secondary hyperparathyroidism and used cinacalcet preoperatively; he states that the patients' perioperative course did not alter and the impact on postoperative hypocalcemia remains unclear (21) .
CONCLUSIONS
Our study found that patients undergoing longer parathyroidectomies and patients with heavier removed parathyroid glands (>0.8 g) tend to develop HBS after the operation. Furthermore, we found that high preoperative PTH values indicate a greater chance to develop HBS postoperatively, and a value greater than 45 pmol/l determines a risk of over 90% of developing HBS. The use of preoperative HBS prevention needs further investigation.
